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Abstract 
The aim of the present study was therefore to determine the infestation profile (IP) by performing entomological surveillance 
activities in apartments and flats within Subang Jaya, Selangor. Results implied that Ae.albopictus was dominant in both types of 
multi-storey buildings (IP=60%). Interestingly, Ae.aegypti (IP=20%) were found outdoors in flats. In addition, flats tended to 
display high ovitrap index (OI= 16.7%) compared to apartments (OI=6.06), based on mosquito density analysis. There was 
however, no significant difference in the container preference in both types of multi-storey buildings. As a conclusion, Aedes 
mosquitoes in the environment could consequentially lead to an increase in the transmission level of dengue in these type of 
houses.   
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1. Introduction 
Dengue is a growing public health problem in Malaysia. The incidence of dengue is increasing despite the 
availability of current and modern technologies in controlling its spread. The high incidence of dengue may be 
attributed to the increase in the number of mosquitoes breeding places. The transmission of dengue involves three 
factors, namely the virus, mosquito vectors and the human host. In order to control the disease, the transmission 
chain has to be broken, and this is done through the elimination of the mosquito population. Therefore, vector 
surveillance is one of the most important aspects of vector control. The purpose of surveillance is to determine the 
presence of vectors, their frequency of occurrence, change in density levels as well as other epidemiological 
parameters related to its vectorial capacity. Needless to say, it is of utmost importance to have fundamental 
information regarding the distribution and density of the vectors.  
Aedes aegypti is highly anthropophilic (Huber et al., 2008) and preferentially resides near human dwelling. 
Females show a preference for breeding in domestic container (Wongkoon et al., 2007), but may also use rainwater-
accumulated container in peri-domestic environments (Pamplona et al., 2009). Aedes albopictus is common in 
suburban and rural areas, and tends not to colonize in indoor water collection (Teng et al., 1999). However, in many 
countries including Malaysia, both of these vector species overlap in their indoor and outdoor breeding habitats (Lee 
and Hishamudin 1990, Chen et al., 2006). This changing nature of infestation requires further evaluation. 
Effective application of control measures is dependent on the understanding of the infestation profile (IP) of the 
vectors. Studies on the bionomics of these mosquitoes have been conducted over the years. Cheong (1967) reported 
that Ae. aegypti larvae were found to prefer ant-trap and earthen jars in urban town. In addition, other artificial 
container especially tires and flowerpots were also preferential to be a breeding habitat. However, 2 decades later, 
Lee & Cheong (1987) discovered that Ae. aegypti larvae seemed to prefer miscellaneous containers such as buckets, 
basins, bowl and concrete tanks. Obviously, there were certain changes in the preferred larval habitat after a lapse of 
20 years. Dieng et al., (2012) in his recent research work on unusual breeding sites concluded that breeding pattern 
can increase in contact with host (human and birds) and presumably population densities of these vectors may 
potentially boost the risk of  spread and transmission of dengue. This changing pattern in breeding habit of these 
mosquitoes is significantly altered due to the need of domestic mosquito to feed blood from host for their immediate 
energy needs  as well as  for it to survive in nature. 
Therefore, monitoring of Aedes population is one of the important activities conducted in vector control 
programmes. Ovitrap have been designated as a surveillance tool for monitoring Aedes populations (Dibo et al., 
2005). The use of ovitraps in the surveillance of Aedes sp was recommended by the World Health Organization 
(Cheng et al., 1982). Many studies had been done in Malaysia to determine the population and abundance of Aedes 
mosquitoes (Chen et al., 2005; Rozilawati et al., 2007; Wan Norafikah et al., 2009; Dom et al., 2013). However 
little information is available on the distribution and abundance of Aedes mosquitoes at multi-storey buildings. 
Results of a preliminary study on vertical dispersal of Aedes in multi-storey buildings conducted by Wan Norafikah 
et al., (2012), indicated the possibility of lower Aedes population at higher level of multi-storey houses. Constant 
studies on the profile of the infestation of Aedes mosquitoes are an important tool in mosquito control. Such studies 
will help to determine the existing and disappearing mosquito species and the extent of their distribution (Anyanwu 
et al., 2000). Thus, the present study was designed to investigate the IP of existing mosquito fauna and possible 
public health implications specifically on the residents of multi-storey houses. 
2. Methodology 
2.1. Description of study sites  
Entomological was conducted in selected multi-storey buildings located in 4 residential areas namely, Apartment 
Acadia (AA), Apartment Lagoon Perdana (ALP), Flat Bandar Sunway (FBS) and Flat Angsana (FA). The 
geographical and ecological description of the study sites is given in Table 1. The selection of these areas is based 
on continuous occurrence of DF cases from 2010 to 2014, which was obtained from Vector Control Unit of the 
Subang Jaya municipity area (MPSJ). 
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Table 1. Geographical and ecological description of study site 
Study site Geographical Description Physical Description Ecological Description 
Apartment 
Lagoon 
Perdana 
(ALP) 
x 3° 06' N / 101° 61' E 
x Located in PJS 9 
Bandar Sunway 
x The building consists of 
18 floors 
x 20 units of houses for 
each floor 
x The building is about 10 
years old 
 
 
x The environment is generally unclean  and not well 
managed 
x There are many scatted garbage dumps on each floor 
x Scatted vegetation around building especially on ground 
floor parking park 
x There are many empty houses on each block 
 
Apartment 
Arcadia  (AA) 
x 3° 2' N/ 101° 34' E 
x Located in USJ 11 
Subang Jaya 
x The building consists of 
5 floors 
x 4 units of houses each 
floor 
x This building is almost 
20 years old 
 
x The environment is clean and well managed  with  good 
waste management and sanitation systems 
x There are many scatted vegetation and tall trees around 
the building 
x The surrounding area planted with  trees 
Flat Bandar  
Sunway  
(FBS) 
x 3°07 N /101°62 E 
x Located in PJS 7 
Subang Jaya 
x The building consists of 
5 floors  
x Each house consists of 3 
rooms 
x This building is almost 
25 years  
 
x The environment is clean and well managed with  good 
waste management and sanitation systems 
x Many of household have ornamental plants on balcony 
of houses 
x The surrounding area are planted with  trees 
Flat Angsana 
(FA) 
x 3° 3' N / 101° 35' E 
x Located in USJ 1 
 
x The building consists of 
11 floor 
x Low cost high -rise 
house 
x This building is almost 
25 years old 
 
x Poor maintenance, waste management and sanitation 
systems 
x There are many scatted vegetation and tall trees around 
the building 
x Many household plants in front of  the house 
x Many rubbish and unused items in front of the house 
2.2. Study design 
To implement the study objectives, Aedes survey and ovitrap surveillance was conducted in profiling the 
infestation of Aedes mosquitoes in multi-storey houses. In this study, two different types of multi-storey houses were 
studied; namely apartment and flats. Apartments are self-contained dwellings which require arrangement and 
management of all part of the buildings, while flats are a building where the occupier has the exclusive possession 
and control to the houses.  
Surveys through search outdoors potential breeding sites were carried out in each area. All potential breeding 
sites found were inspected for the presence of larvae or pupae. Its density was recorded by enumerating the total 
number of larvae or pupae present, which were labelled as positive containers. In addition, the presence or absence 
of Aedes larvae was further determined in each container in order to obtain the breeding index, productivity and 
efficiency of immature of container density which influences larvae production. All wet containers collected from 
the field were classified according to the intended uses and importance in practical life. 
Ovitrap as described by Lee (1990) was used in this study. The ovitrap were placed in proximity to other 
potential breeding containers with minimum physical and environment disturbance. The ovitrap were placed in not 
less than 10% of the room/houses in each level of all study sites. Ovitrap were placed indoor along corridor near 
stairways, nearby the ornamental plants and under the shoe rack. In this study, “indoor” refers to the interior of the 
apartments or flats (Wan-Norafikah et al., 2012). These ovitrap were collected after 5 days exposure where the 
content were poured into plastic container, together with the paddle and brought back to the laboratory for further 
process.  
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In the laboratory, fresh water was added into containers and small piece (10 mm) of fresh beef liver was added as 
larval food. The larvae were allowed to hatch and colonize in the laboratory for another 9 days. The hatched larvae 
were subsequently enumerated and identified at 3rd instar. The larval numbers were recorded individually for each 
positive ovitrap. Species identification of larvae were also undertaken through a dichotomous key using microscope.  
In order to evaluate the distribution and the abundance of the species in the study area, several parameters were 
considered. (1) Ovitrap index (OI), the percentage of positive ovitraps against the total number of ovitraps recovered 
from each site and (2)  the  mean number of Ae. aegypti and/or Ae. albopictus larvae per recovered ovitrap.  
3. Result 
Entomological surveillance activities (Aedes survey and ovitrap surveillance) were carried out in two different 
types of multi-storey houses, categorized as  apartments [Apartment Arcadia (AA) & Apartment Lagoon Perdana 
(ALP)] and flats [Flat Bandar Sunway (FBS) & Flat Angsana (FA)], located in Subang Jaya. The presence of larvae 
or pupae in all potential breeding sites observed were inspected and documented. For the Aedes survey, a total of 31 
positive samples were obtained throughout this study sites while for ovitrap surveillance, a total of 210 ovitrap was 
placed randomly in different floor and only 155 (73%) were recovered. 
3.1. Distribution and abundance of Aedes mosquito larvae species in multiple storey houses. 
The result obtained for the density of Aedes sp. larvae in two different types of multi-storey houses are tabulated 
in Table 2 which represent the surveillance and survey data. As shown in Table 1, the results on distribution implied 
that Ae. albopictus (IP=60%) was found dominant in both types of multi-storey houses. Surprisingly, Ae.aegypti 
(IP=20%) were found at the outdoor area in flats house. Another important finding was that both types of multi-
storey houses shows positive mixed infestation for both species.  Results indicate that flats tended to have higher OI 
values (OI= 16.7%) compared to apartments (OI=6.06%), based on the density of mosquitoes.  
Table 2. The infestation profile (IP) of Aedes population based on their distribution and abundance for multi-storey houses 
Indicator 
Types of multi-storey houses 
Apartments Flats 
Distribution 
 
 
 
 
Abundance 
 
Study 
site 
Ovitrap 
placement 
No 
recovered 
ovitrap / 
No 
collected 
ovitrap 
No of 
positive 
ovitrap 
Ovitrap 
index 
(%) 
ALP Outdoor 72 0 0 
AA Outdoor 27 6 22% 
Total 99 6 6.06% 
 
 
Study 
site 
Ovitrap 
placement 
No 
recovered 
ovitrap / 
No 
collected 
ovitrap 
No of 
positive 
ovitrap 
Ovitrap 
index 
(%) 
ALP Outdoor 29 5 17.24 
AA Outdoor 27 3 11.11 
Total 56 8 16.07 
 
Note: Ae. albopictus (shown in blue color), Ae. aegypti (shown in red color) and Mixed breeding (shown in yellow color) 
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3.2. Profile of dengue vector breeding on multi-storey houses 
The results of study show that the potential container and positive container for apartment was reported lower 
than flats. From the overall result, total number of samples that were classified positive was 30 samples and 186 
total number of potential container. Table 3 shows the summary of trait of dengue vectors from outdoor containers. 
The number of immature larvae collected from apartment and flats houseswas 132 and 180 immature larvae 
respectively. Both types of multi-storey houses were also analysed for the presence of mixed infestations. 
            Table 3. Traits of dengue vectors from outdoor container throughout multi-storey houses in Subang Jaya 
  
Parameter 
Types of Multi-storey houses 
Total  
Apartment  Flat  
a. Houses checked  202  223 425 
i. Wet Containers 49 137 186 
ii. Positive containers 10 20 30 
b. Ae.aegypti      
i. Outdoor container with Ae.aegypti  0 4 4 
c. Ae.albopictus      
i. Outdoor container with Ae.albopictus 6 12 18 
ii. Immature stages outdoor  132 180 312 
d. Mixed populations of the 2 species       
i. Positive outdoor container  4 4 8 
 
The population densities of immature Aedes are relatively distributed among apartments and flats. The 
apartment’s houses were free from Ae. aegypti and produced lower number of immature vectors. Ae. albopictus was 
dominated in apartments houses either singly (60%) or in mixed breeding with  Ae. aegypti (40%). It was clearly 
show that the distribution of Aedes species in flat area is more higher compared to apartment houses 
The containers observed at the sampling sites were given an identification number known as container identity 
(CID). There were 10 different types of artificial containers are available in the indoor locations. The preferred 
indoor breeding container for apartment were CID1 and 3 while container types 3 are the most dominant container 
in flat houses. In terms of individual kinds of container, buckets (CID 1), tires (CID 3) and plastic bowl group (CID 
4) generated the highest number of larvae mosquitoes where it produced > 50 larvae/container. Container types 
6,7,8,9 and 10 contributed 5-10% and CID 2 and 5 produced the lowest share of the population (Table 4). The most 
potential container found in apartment and flats are container type 4 (30%) and 1 (17%). 
      Table 4. The density of positive container and their larval/pupal production in different multi-storey houses 
CID Container types 
Types of multi-storey houses 
Positive 
container   
(Total 
larvae) 
Apartment Flats 
Ae 
albopictus 
(Total 
larvae) 
Ae. 
aegypti 
(Total 
larvae) 
Mixed 
breeding 
(Total 
larvae) 
Ae 
albopictus 
(Total 
larvae) 
Ae. 
aegypti 
(Total 
larvae) 
Mixed 
breeding 
(Total 
larvae) 
1 Buckets 2 (46) - 1 (5) 2 (37) - 1 (6) 5 (93) 
2 Earthen pots - - 1 (7) - - - 1 (7) 
3 Tires - - 1 (75) 2 (12)   3 (87) 
4 Plastic bowls, cans, mugs, water bottles - - - 5 (42) 2 (13) 2 (31) 9 (86) 
5 Plastic sheets, plastic water pool and bags 1 (13) - - - - - 1 (13) 
6 Aquarium unused, glass jar, ceramics 2 (15) - 1 (12) - - - 3 (27) 
7 Metal pots ,tin pots - - - 1 (5) - 1 (18) 2 (23) 
8 Discarded appliances, foam .shoes, helmets 1 (8) - - 1 (14) - - 2 (22) 
9 Dust carriers and bins, baby basket and potty - - - - 2 (23) - 2 (23) 
10 Ant guards, tray - - - 1 (24) - - 1 (24) 
Total 6    - 4    12 4   4   30      
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(82) (99) (134) (36) (55) (406) 
Noted: CID refers to container identity 
4. Discussion 
The result of the present study revealed the infestation characteristics of dengue vectors in multi-storey houses. 
The present study indicated that Ae. albopictus are the dominant species in multi-storey houses. The high population 
density of immature Ae. albopictus in apartment and flat houses indicated the presence of abundant larval habitat, as 
reported previously in many areas in this region (Thavara et al., 2001). About half were found in outdoor container 
where it significantly have epidemiological implication whereby this species is known as an incriminate dengue 
vector in several dengue endemic countries including Malaysia (Lee et al., 2007). Ae.albopictus were mostly found 
outside the area such as open spaces with shaded vegetation, natural habitat and man–made habitat (Saleeza & 
Azirun et al., 2013). The epidemiological importance of Ae. albopictus is partly a consequence of its capacity to 
occupy different environments and its potential to bridge the introduction infectious agents from wild habitats into 
the urban environment (Gomes et al., 1992). 
Mixed breeding is a known criterion for dengue vectors in different countries, including Malaysia that has led to 
replacement of Ae. albopictus by Ae. aegypti in Southeast Asia (Hwang, 1994). This rate of mixed breeding is 
increasing with the spread of Ae. aegypti invasion in this region (Sulaiman et al., 1991). In this study, the profile of 
mixed breeding in both multi-storey houses is reported to be approximately 20-30%. Epidemiologically, this mixed 
breeding is considered significant, as it is an indication of interspecific competitive displacement.  
The result of this study implies that the main breeding habitats for multi-storey houses are domestic containers 
such as plastic containers and buckets. Residents in multi-storey houses often used empty paint cans as bucket, 20% 
of which are positive containers. The discarded plastic containers were big contributors of Aedes breeding sites in 
these types of houses. This yielded 50% of immature mosquitoes in outdoor containers in our study. Such value is 
increasing with the progression of urbanization due to the increasing use of plastic products. In addition, there are 
some new and unusual types of breeding containers found according to their lifestyle and customs. Mixed breeding 
was found in bucket, earthen pots, tires, plastic bowl and metal pots. Evidently, such types of local mosquito 
breeding sites have important role in increasing vector population worthy of special attention.  
The nature of vector breeding habitat was associated with the influence of human habitat condition including 
different social factor. Among 2 types of multi-storey houses, the waste management and sanitation status of flats 
houses is poor compared to apartment houses. In the present study, we identified irresponsible people living in flat 
houses that tended to dispose their waste indiscriminately, like throwing directly from the upper floor. This may 
land on awning and rots, which may then accumulate rainwater and attract mosquitoes to breed, making it an ideal 
breeding ground for Aedes mosquitoes. Moreover, the drainage system of the flats houses was poor where stagnant 
water accumulated in corridors and in the drain following rain, which may also provide avenues for Aedes 
mosquitoes to breed. The occurrence of Aedes breeding in vegetation surrounding the building should also be given 
notice. This is due to the fact that certain types of vegetation are able to provide breeding places for mosquitoes. In 
particular, plants with large leaves that curl up after being shed on the ground, such as Artocarpus elasticus tends to 
trap rain water and become potential breeding sites. 
This study provides some new knowledge on the infestation profile of dengue vectors in high-rise building. It is 
clear that control of Aedes in these types of houses should be focused on outdoor. The presence of unsanitary 
condition with abundance of discarded containers will continue to promote the breeding of Ae albopictus and to 
some extent Ae aegypti. This study also showed that the Aedes mosquitoes had invaded and adapted to multi-houses 
ecosystem and this invasion can enhance the transmission of dengue especially when little or no vector control effort 
is conducted in this type of houses.Integrated vector management (IVM) and vector control measures should be 
developed to manage potential breeding sites in order to circumvent future threats of dengue transmission.  
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5. Conclusion 
As a conclusion, the key to effectively control dengue fever outbreak is to recognize in advance all the highly 
potential transmission areas, which normally coincides with areas of high endemicity for the infection. Results in the 
present study demonstrated significant characteristics of all parameter measured across the study area, and a 
significant difference in the preferred breeding habitat was observed.  Thus, a risk factor for Aedes mosquito 
breeding sites should be considered whilst conducting effective control efforts to reduce the transmission of the 
disease.  
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